per 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCI) 



(51) International Patent Classification 5 
C08L 23/08, 23/06 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 92/07905 

14 May 1992 (14.05.92) 



(21) International Application Number: PCT/US9 1/08224 

(22) International Filing Date: 5 November 1991 (05.1 1.91) 



(30) Priority data: 
609,286 



5 November 1990 (05.1 1.90) US 



(71) Applicant: THE DOW CHEMICAL COMPANY [US/ 

US]; 2030 Dow Center, Abbott Road, Midland, MI 
48640 (US). 

(72) Inventors: PARIKH, Deepak, R. ; 222 Crepe Myrtle, Lake 

Jackson, TX 77566 (US). CO WELL, Timothy, J. ; 110 
Lake Road #909, Lake Jackson, TX 77566 (US). 



(74) Agent: KRUPP, Stephen, P.; The Dow Chemical Com- 
pany, Patent Department, B-1211, Freeport, TX 77541 
(US). 



(81) Designated States: AT (European patent), AU, BE (Euro- 
pean patent), CA, CH (European patent), DE (Euro- 
pean patent), DK (European patent), ES (European pa- 
tent), FI, FR (European patent), GB (European patent), 
GR (European patent), IT (European patent), JP, KR, 
LU (European patent), NL (European patent), SE (Eu 
ropean patent). 



Published 

With international search report 
Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: CONTROLLED NUCLEATION OF SEMI-CRYSTALLINE POLYMERS 



(57) Abstract 

The crystallization onset temperature of a semi-crystalline thermoplastic polymer is increased by melt blending the semi- 
crystalline thermoplastic polymer with at least one diluent polymer having about the same melting point as, and a density greater 
than or equal to, that of the semi-crystalline polymer forming a polymer blend. For example, the crystallization onset temperature 
of linear low density polyethylene is increased by blending it with a minor amount of high density polyethylene. Films formed 
from these new polymer blends have improved optical and/or mechanical properties and blown bubble stability in spite of in- 
creased throughput rate. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


ES 


Spain 


MC 


Madagascar 


AU 


Australia 


Fl 


Finland 


ML 


Mali 


BB 


Barbados 


FR 


France 


MN 


Mongolia 


BE 


Belgium 


GA 


Gabon 


MR 


Mauritania 


BP 


Burkina Faso 


GB 


United Kingdom 


MW 


Malawi 


BC 


Bulgaria 


CN 


Guinea 


NL 


Netherlands 


BJ 


Benin 


GR 


Greece 


NO 


Norway 


BR 


Brazil 


HU 


Hungary 


PL 


Poland 


CA 


Canada 


IT 


Italy 


RO 


Romania 


CF 


Central African Republic 


JP 


Japan 


SD 


Sudan 


CG 


Congo 


KP 


Democratic People's Republic 


SE 


Sweden 


CH 


Switzerland 




of Korea 


SN 


Senegal 


CI 


C6te d f lvoire 


KR 


Republic of Korea 


* SU+ 


Soviet Union 


CM 


Cameroon 


LI 


Liechtenstein 


TO 


Chad 


CS 


Czechoslovakia 


LK 


Sri Lanka 


TC 


Togo 


DE* 


Germany 


LU 


Luxembourg 


US 


United Slates of America 


DK 


Denmark 


MC 


Monaco 







+ Any designation of "SU" has effect in the Russian Federation. It is not yet known whether 
any such designation has effect in other States of the former Soviet Union. 



WO 92/07905 



PCT/US91/08224 



CONTROLLED NUCLEAT10N OF SEMI-CRYSTALLINE POLYMERS 

This invention relates to* thermoplastic polymer 
blends having increased crystallization onset 
temperature. The polymer blends are made by blending 
specific portions of at least one diluent polymer with a 
semi-crystalline polymer. The semi-crystalline polymers 
^ most preferred are linear polyethylene polymers. The 

preferred diluent polymers are high density polyethylene 
polymers . 

Thermoplastic polymers can be classified as 
semi-crystalline (at least partly crystalline), highly 
crystalline, or wholly or mainly amorphous. Crystalline 
or semi-crystalline polymers typically have a distinct 
melting point, as measured by differential scanning 

15 calorimetry (DSC). Crystalline and semi-crystalline 

polymers are typically melt-processed into fibers, films 
or molded articles. 

The nucleation and crystallization rates of the 
polymers during melt processing is important in 

20 determining the physical properties of the finished 

article. If the nucleation rate is low and uneven, the 
resultant product properties will have, wide variation. 
In addition, low nucleation rates result in lower 

pq production, capacity. 
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In a production environment such as a blown 
film line or fiber spinning line, a "freeze line" or 
"frost line" can sometimes be seen, indicating the point 
of solidification and crystallization. The polymer is 
still partially molten and tacky prior to the freeze 
line. If the polymer product comes into contact with 
other pieces of the production equipment before 
solidification, the polymer product can stick and create 
a premature shut down of the manufacturing process. 

1Q Production capacity reaches its maximum when the freeze 
line is at the point of sticking to some part of the 
equipment. By lowering the freeze line, polymer 
throughput can be increased such that the freeze line is 
at its the previous level. 

15 The freeze line can be relocated (i.e., 

lowered) by changing the quenching or cooling 
conditions, but equipment limitations (e.g., maximum air 
flow and temperature) can limit the crystallization 
kinetics of a particular polymer on a particular type of 

20 

equipment. Other techniques for controlling the freeze 
line, or crystallization rate involve changing the 
polymer by adding nucleating agents (e.g., inactive 
(physical) or active (chemical)) or completely changing 

25 polymers. Physical nucleating agents are typically 

finely divided particles and have a melting and freezing 
temperature greater than that of the polymer in which 
the particles are utilized while the chemical nucleating 
agents are primarily combinations of acidic and basic 

30 compounds such as organic or inorganic compounds. 

Measurement and control of nucleation and 
crystallization rates are difficult in commercial 
processes. Laboratory analytical techniques are 
available to quantify polymer nucleation and 
crystallization rates. Onset of crystallization 
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temperature is indicative of the ability of a polymer to 
nucleate and crystallize. The onset of crystallization 
temperature can be measured by non-isothermal 
crystallization kinetics using a DSC. Typically, 
smaller and more uniform spherulites or crystallites are 

5 formed at higher crystallization temperatures for 
thermoplastic polymers. Addition of inactive or 
physical nucleating agents can increase the 
crystallization onset temperature, causing the polymer 

1Q to crystallize earlier (i.e., at a higher temperature) 
during cooling and to form more uniform 
crystallites/spherulites in the cooling polymer melt. 
This, in turn, yields polymer products which have more 
uniform properties (e.g., optical properties) with fewer 

15 deviations and greater predictability. This is 

illustrated by A.G.M. Last, in Nucleation Effects in 
High Polymers (Journal of Polymer Science, Vol. XXXIX, 
Issue No. 135 (1959) pp. 5M3-5M5), who discloses that 
finely powdered crystallizable additives (e.g., nylon, 

20 isotactic polypropylene, etc.) having a melting point 

above that of the base polymer (e.g., low density 

polyethylene) and a cohesion energy per chain unit close 

to that of the base polymer act as nucleating agents at 

n£r levels from 0.01 percent to 1 percent. Last 
25 

incorporates these additives by masticating the base 
polymer /additive at a temperature above the melting 
points of the additive and the base polymer. Last forms 
an article of suitable shape by heating the masticated 
30 mixture to a temperature above the melting point of the 
base polymer. Last indicates that such articles are 
transparent. Last also teaches that if the article is 
heated beyond the melting-point of the -additive, the 
molten mixture will be optically clear only down to the 
crystallization tenmperature of the base polymer, at 
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which point the transparency clouds and the benefit of 
the nucleation is lost. 

The optical properties (e.g., clarity) of the 
finished polymer product can also be changed by the 
addition of active (chemical) nucleating agents. One 
such organic additive clarifier, dibenzylidene sorbitol, 
is sold by Milliken Chemical and is trademarked Mil lad™ 
3905. It is reportedly effective in improving haze 
characteristics of film made from polypropylene and 

10 polyethylene. 

Some nucleation agents, however, especially 
physical nucleation agents, adversely affect certain 
polymer physical properties such as tensile strength, A 
balance must be. achieved between maintaining physical 

15 properties of the polymer product with nucleators added 
and increasing the crystallization ,rate. This balance 
has been difficult to achieve, particularly in films. 

A method has now been discovered for increasing 

20 

the crystallization onset temperature of a 
semi-crystalline thermoplastic polymer, while 
substantially maintaining or improving physical 
properties of the polymer product. The method comprises 

25 blending the semi-crystalline thermoplastic polymer with 
at least one diluent polymer having about the same 
melting point as, and a density greater than or equal 
to, that of the semi-crystalline polymer thereby forming 
a polymer blend, heating the polymer blend to a point 

30 above the melting point of the semi-crystalline 

thermoplastic polymer and the diluent polymer (s) and 
cooling the polymer blend to form a solid. The polymer 
blend can be made by dry blending or melt blending 
discrete polymers, or by in-situ reactor polymerization. 
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In another aspect, the invention is a method of 
improving the optical and/or mechanical properties of 
fabricated objects made from a serai-crystalline 
thermoplastic polymer by blending with said semi- 
crystalline thermoplastic polymer a diluent polymer 

' having about the same melting point as and a density 
greater than or equal to that of the semi-crystalline 
polymer to form a polymer blend, said polymer blend 
having an onset of crystallization temperature higher 

1Q than the onset of crystallization temperature of said 
semi-crystalline polymer. Film Mechanical properties 
which can be improved include fewer breaks per unit 
length and high elongation at break. 

The invention is also perceived as a method of 

15 improving blown film bubble stability of a semi- 
crystalline thermoplastic polymer by blending at least 
one diluent polymer having about the same melting point 
as and a density greater than or equal to that of the 
semi-crystalline polymer with said semi-crystalline 

20 polymer forming a polymer blend and extruding said 

polymer blend on a blown film line, said polymer blend 
having an onset of crystallization temperature higher 
than the onset of crystallization temperature of said 

25 semi-crystalline thermoplastic polymer. The frost line 
height of the polymer blends of the present invention is 
lowered resulting in a more stable blown film bubble. 
Cycle time of fabricating objects made using the present 
invention is also reduced. 

30 Conversely, when the frost line height of a 

stable blown film bubble is lowered, the throughput can 
be increased such that the frost line height is raised 
back to its original level (i.e., that of the semi- 
crystalline polymer). Thus the invention is also a 
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method of increasing throughput of a blown film line at 
equal frost line heights. 

In still another aspect, the invention is a 
polymer blend comprising a semi-crystalline 
thermoplastic polymer blended with at least one diluent 

7 polymer having about the same melting point as and a 
density greater than or equal to that of the semi- 
crystalline polymer and having a crystallization onset 
temperature at least about 0.1°C above the 

1Ch crystallization onset temperature of the semi- 
crystalline thermoplastic polymer. * The polymer blend is 
heated to a point above the melting point of the semi- 
crystalline polymer and the diluent polymer(s) and 
cooled to form a solid polymer blend having a 

15 crystallization onset temperature at least about 0.1°C 
above the crystallization onset temperature of the semi- 
crystalline polymer. 

The semi-crystalline thermoplastic polymer can 
be any member of the known class of thermoplastic 
polymers and may be branched or linear. Olefinic 
polymers are preferred for use in the present invention 
as the base polymer. Low density polyethylene (LDPE), 
also known as High Pressure Polyethylene and 
historically as ICI-type polyethylene, is a branched 
ethylene homopolymer made using free radical 
polymerization techniques under high pressures. The 
ethylene is randomly polymerized into the polymer chains 
and forms numerous branch points. The density of LDPE 
is dictated by the degree and length of branches and is 
typically in the range of 0.91-0.925 grams per cubic 
centimeter (g/cm 3 ^. The molecular weight of the LDPE is 
indicated by melt index (MI) as measured using ASTM D- 
1238 (E) (190°C/2.16 kilograms). The preferred MI range 
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for LDPE is from 0.1 to 100 grams/10 minutes. The 
preferred semi-crystalline polymer is a linear olefinic 
polymer (e.g., linear polyethylene). 

Manufacture of linear polyethylene is 
disclosed, e.g., in U.S. Patent 4,076,698 and involves 
5 coordination catalysts of the "Ziegler" type or 

"Phillips" type and includes variations of the Ziegler 
type, such as the Natta type. These catalysts may be 
used at very high pressures, but may also (and generally 
1Q are) used at very low or intermediate pressures. The 
products made by these coordination" catalysts are 
generally known as "linear" polymers because of the 
substantial absence of branched chains of polymerized 
monomer units pendant from the main polymer "backbone" 
15 and they are also generally known as high density 

polyethylene (HDPE). It is these "linear" polymers to 
which the present invention pertains. Linear high 
density polyethylene (HDPE) has a density in the range 
of 0.941 to 0.965 gms/cm 3 while linear low density 
20 polyethylene (LLDPE) typically has a density between 
0.88 grams/cubic centimeter and 0.9M grams/cubic 
centimeter. The density of the polyethylene is lowered 
by polymerizing ethylene along with minor amounts of 
25 alpha, beta-ethylenically unsaturated alkenes having 
from 3 to 20 carbons per alkene molecule, preferably 4 
to 8 and most preferably 8 carbons per alkene molecule 
(i.e., 1-octene). The amount of the alkene comonomer is 
generally sufficient to cause the density of the linear 
30 low density polymer to be substantially in the same 
density range as LDPE, due to the alkyl side chains on 
the polymer molecule, yet the polymer remains in the 
"linear" classification; they are conveniently referred 
to as "linear low density polyethylene." These polymers 
retain much of the strength, crystallinity , and 



WO 92/07905 



PCI7US91/08224 



-8- 



toughness normally found in HDPE homopolymers of 
ethylene, but the higher alkene comonomers impart high 
"cling" and "block" characteristics to extrusion or cast 
films and the high "slip" characteristic inherently 
found in HDPE is diminished. 

5 

The use of coordination-type catalysts for 
polymerizing ethylene into homopolymers or 
copolymer i zing ethylene with higher alkenes to make 
copolymers having densities above 0.94 gms/cm 3 as 

1Q defined in ASTM D-1248 (i.e., "HDPE" polymers) and/or 
for copolymerizing ethylene with higher alkenes to make 
copolymers having densities in the range of LDPE and 
medium density polyethylene (i.e., "LLDPE" copolymers) 
is disclosed variously in, e.g., U.S. 2,699,457; 

15 U.S. 2,862,917; U.S. 2,905,645; U.S. 2,846,425; 

U.S. 3,058,963 and U.S. 4,076,698. Thus, the density 
of the linear polyethylene useful as the semi- 
crystalline polymer in the present invention is from 
0.88 g/cm3 to 0.965 g/cm^. The molecular weight of the 

20 

semi-crystalline polymer is indicated and measured by 
melt index according to ASTM D-1238 (e.g., when 
polyethylene is chosen as the semi-crystalline polymer, 
Condition (E) (i.e., 190°C/2.16 kilograms) is used to 
25 determine the melt index). The melt index of the 

polyethylene useful as the semi-crystalline polymer can 
be from 0.1 grams/10 minutes to 300 grams/10 minutes, 
preferably from 0.1 grams/10 minutes to 50 grams/10 
minutes. 

30 

Other semi-crystalline polymers, such as 
polypropylene and various ethylene and propylene * 
ter polymers, are useful in the present invention 
provided the diluent polymer used in combination has 
about the same melting point as the semi-crystalline 
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polymer. Melting points within about 10°C are defined 
herein as "about the same." 

The diluent polymer for use in the present 
invention can be any polymer miscible with the semi- 

5 crystalline thermoplastic polymer, having about the same 
melting point as the semi-crystalline polymer and a 
density greater than or equal to that of the semi- 
crystalline thermoplastic polymer. The preferred semi- 
crystalline thermoplastic polymer is a linear olefinic 

10 polymer (e.g., linear low density polyethylene) . The 

most preferred linear olefinic polymer is a high density 
polyethylene polymer. The HDPE has a density between 
0.94 grams/cubic centimeter and 0.965 grams/cubic 
centimeter and a melt index between 0.01 grams/10 
minutes and 3000 grams/10 minutes, preferably between 50 
grams/10 minutes and 300 grams/10 minutes. The HDPE can 
be a homopolymer of ethylene, or it can be a copolymer 
of ethylene with minor amounts of at least one alpha f 

20 beta-ethylenically unsaturated alkene having from 3 to 
20 carbons per alkene molecule. Amounts of the diluent 
polymer added to the semi-crystalline polymer will vary, 
depending upon the type of diluent polymer and the type 
of semi-crystalline polymer chosen, but will generally 

25 be less than about 50 percent, preferably less than 
about 20 percent, more preferably less than about 10 
percent, and as low as about 0.01 percent by weight of 
the total blend, with the balance of the blend 

3Q comprising the semi-crystalline polymer. The semi- 
crystalline polymer and the diluent polymer together can 
contain minor amounts of additives (e.g., antioxidants, 
pigments) which do not interfere with the nucleation of 
the polymer blend. 
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Articles made from the blends of the present 
invention include blown film (e.g., that made with 
Internal Bubble Cooling (IBC) or a dual lip air ring), 
cast film, melt spun fibers, and other processes 
requiring thermal processing of polymers and subsequent 

5 

cooling. 
EXPERIMENTAL 

Blends of the semi-crystalline polymer and the 
TO diluent polymer are made by dry blending, melt blending 
discrete polymers, or by in-situ reactor polymerization. 
Dry blending pellets can be accomplished by any 
convenient means, e.g., tumble blending weighed portions 
of pellets in fibre packs. Since pellet stratification 
15 can occur in dry blends while in transit, melt blending 
is preferred. Melt blending can be accomplished by 
feeding a dry blend (made as described above) into an 
extruder/compounder line equipped with a pellet izat ion 
system (e.g., an underwater pelletizer, or a water 

20 

trough through which the reextruded strands are cooled 
and later chopped into pellets). Blends formed by in- 
situ reactor polymerization can be made by side-arm 
extrusion of the diluent polymer into the molten semi- 

25 crystalline polymer sytream just prior to pellet ization, 
or the blends can be made by operating multiple reactors 
such that the diluent polymer and the semi-crystalline 
polymer are each made and blended immediately after 
polymerization, before or after removal from the 

30 reactor (s), but prior to pelletization in a single 

continuous system. Such multiple reactor operation is 
disclosed, for example, in U.S. Patent 3,914,342. There 
are several ways known to. skilled artisans for making 
in-situ polymerized reactor blends, and the invention is 
not limited to any one of the methods. 
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The crystallization onset temperatures of the 
blend components and of the blends of the present 
invention are measured using DSC. Each sample to be 
tested is made into a compression molded test plaque 
according to ASTM D 1928. The plaques are then 

5 microtomed at room temperature using a Reichert 

Microtome or razor blade to obtain samples having a 
thickness of about 15 microns. About 5 milligrams of 
each sample to be tested is placed in the DSC pan and 
heated to about 180°C, held at that temperature for 3 

10 minutes to destroy prior heat history, cooled to 25°C at 
a rate of 10°C/minute and held at that temperature for 2 
minutes. The crystallization onset temperature and the 
peak temperature are recorded by the DSC as the 

15 temperature at which crystallization begins and the 

temperature at which the sample is as fully crystallized 
as possible, respectively, during the cooling period 
from 180°C to 25°C. The sample is then heated again from 
25°C to 140°C at a rate of. 10°C/minute to record the heat 

20 of fusion and calculate total percent crystallinity . 
For polyethylene, the percentage crystallinity is 
obtained using the latent heat of fusion equal to 292 
joules/gram for 100 percent crystalline polyethylene. 



25 



30 



Example 1 

An ethylene/l-octene LLDPE copolymer having a 
melt index of 2.3 grams/10 minutes and a density of 
0.917 g/cm 3 (designated the semi-crystalline 
thermoplastic polymer), an ethylene/l-octene HDPE 
copolymer having a melt index of 105 grams/10 minutes 
and a density of 0.953 g/cm 3 (designated the diluent 
polymer) and three blends of these two polymers were 
made into compression molded plaques as described 
previously. The blends were made by tumble blending the 
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pellets together at room temperature and then feeding 
the dry blend into a Henschel mixer by mass balance in 
the following weight percent proportions; 

100 percent semi-crystalline: 0 percent 

diluent; 

5 

96 percent semi-crystalline: 4 percent 
diluent; 

92 percent semi-crystalline: 8 percent 
diluent and 

10 0 percent semi-crystalline: 100 percent 

diluent. 

The mixer is in the hopper of a 4 inch (10 cm) screw 
extruder through which the samples were run and melt 
blended. Other forms of melt blending are also 

15 acceptable. Films having a thickness of about 0.8 mils 
(20 micrometers) were fabricated on an EGAN cast film 
line according to the conditions outlined in Table I and 
subsequently evaluated for number of breaks per thousand 
feet on a LANTECH pallet wrapper. The LANTECH pallet 
wrapper prestretched the film to test the film's 
effectiveness in holding the goods together (e.g., a 
pallet of boxes). The LANTECH prestretches film so that 
the film shrinks slightly to hold the goods together. 

25 Table II lists the breaks per one thousand feet (305 

meters) for 100 percent semi-crystalline polymer and for 
each of the polymer blends at 250 percent and 300 
percent prestretch. 

30 
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FABRICATION CONDITIONS FOR SAMPLES 



15 



25 



30 



Extruder Zone 1 (°C/°F) 


254/490 


Extruder Zone 2 (°Cf F) 


260/500 


Extruder Zone 3 ( CrF) 


^■77 /con 
277/DiU 






Gate (°C/°F) 


288/550 


Adapter (°C/°F) 


288/550 


Die Zone 1(°C/°F) 


288/550 


DieZone 2 (°C/°F) 


288/550 






90° Adapter (°C/°F) 


288/550 


Feedblock (°C/°F) 


288/550 






Melt Temp. ( 0 O°F) 


277/530 






Chill Roll (°C°F) 


13/56 






Extruder (rpm) 


68 






rlim vjduge \rnicroiTiexerviTiHb; 


20/ 8 






Pressure (MPa/psi) 


9.30/1350 






Line Speed (feet/minute) 


850 (259m/min) 






Through put (Ibs/hr) 


350(159 kg/hr) 


Die Width (inches) 


30 (76 cm) ] 


Die Gap (mils) 


15(375 mkrometers) 
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5 



10 



Polymer blend proportions 
(percent semi-crystalline: 
percent diluent) 


Breaks per 
1000 feet ! 
(305 m) at 
250 percent 
prestretch 


Breaks per 
1000 feet 
(350 m) at 
300 percent 
prestretch 


100:0 


20 


19 


96:4 


2 


2 


92:8 


3 


3 


0:100 


NM 


NM 



NM = Not Measured; tilm could not be formed trom this 

polymer. 



Films made from the blends of the present invention had 
15 fewer breaks per 1000 feet (305 m) than the semi- 
crystalline polymer alone. 

The measured crystallization onset temperature 
and DSC peak temperature (both measured as described in 
EXPERIMENTAL) of samples of each of these blends and of 
20 the individual blend components are listed in Table III. 
The predicted crystallization onset temperature and DSC 
peak temperature of the blends are mathematically 
linearly calculated based on the percentages of each 
component and that component's measured properties and 

25 

are also listed in Table III. The measured melting 
point for the semi-crystalline polymer was about 122°C 
and about 127.83°C for the diluent polymer. 

30 



TABLE III 



Polymer blend 
proportions 

(percent semi- 
crystalline: 
percent diluent) 


a. it I 

Measured 
cryst. 
onset 
temp. 
(°C) 


Predicted 
cryst. 
onset 
temp. 
(°C) 


Measured 
DSC 
cryst . 
peak 
temp. 
(°C) 


Predicted 

DSC 
cryst. 

peak 

temp. 

(°C) 


100:0 


105.9 


NA 


103.2 


NA 


96:4 


106.9 


106.4 


103.1 


103.7 


92:8 


110.1 


106.9 


106.9 


104.1 


0:100 


118.6 


NA 


114.2 


NA 



NA = Not Applicable; measured reference point. 



As Table III indicates, polymer blends of a semi- 
crystalline polymer and a diluent polymer of the present 
invention had a higher measured crystallization onset 
temperature than that predicted for the polymer blend. 
Thus when combining a semi-crystalline polymer with a 
diluent polymer according to the present invention, a 
synergistic effect was evident, causing the polymer 
blend to nucleate earlier and to accelerate 
crystallization. 

Example 2 

An ethylene/l-octene LLDPE copolymer having a 
melt index of 1 gram/10 minutes and a density of 0.92 
g/cm 3 (designated the semi-crystalline thermoplastic 
polymer), an ethylene/l-octene HDPE copolymer having a 
melt index of 65 grams/10 minutes and a density of 
0.953 g/cm 3 (designated the diluent polymer), were made 
into a blend having about 4.3 percent by weight diluent 
polymer by preparation in a reactor system. This 
polymer blend and another 'polymer (designated the 
comparative polymer) having about the same basic 
physical properties as the polymer blend were each made 
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into thin gauge blown film on a STERLING Blown Film 
Line. This line has a 3.5 inch (8.9 cm) diameter 
extruder, L/D=30:l, an 8 inch (20 cm) diameter Western 
Polymer die with a 70 mil (1750 micrometers) die gap f a 
STERLEX barrier type screw and Internal Bubble Cooling 
(IBC) . 

Physical properties of the polymer blend and the 
comparative polymer appear in Table IV. The measured 
melting point for the semi-crystalline thermoplastic 
polymer was about 120.69°C, about 128.15°C for the 
diluent polymer, about 121.06°C for the polymer blend 
and about 120.69°C for the comparative polymer. 



15 



20 



25 



30 
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CLAIHS: 

1. A method of increasing the crystallization 
onset temperature of a semi-crystalline thermoplastic 
polymer comprising the steps of: 

(a) blending with the semi-crystalline polymer 
at least one diluent polymer, wherein the diluent 

^ polymer is characterized as having a melting point 

within 10°C of, and a density greater than or equal to, 
that of the semi-crystalline polymer, thereby forming a 
polymer blend, 

(b) heating the polymer blend above the melting 
points of the semi-crystalline polymer and the diluent 
polymer (s), and 

(c) subsequently cooling the polymer blend 
until solid, thereby forming a cooled polymer blend. 

15 

2. The method of Claim 1 further comprising 
the steps of: 

(d) measuring the crystallization onset 
temperature of the semi-crystalline thermoplastic 

20 polymer, and 

(e) adding an amount of the diluent polymer 
sufficient to increase the crystallization onset 
temperature of the semi-crystalline thermoplastic 

oc . polymer by at least about 0.1°C. 
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3. The method of Claim 1 wherein the polymer 
blend is made by blending discrete polymers. 

4. The method of Claim 1 wherein the polymer 
blend is made by in-situ reactor polymerization. 

5. The method of Claim 1 wherein the semi- 
crystalline thermoplastic polymer is an olefinic 
polymer. 

10 6. The method of Claim 5 wherein the olefinic 

polymer is a linear polyethylene characterized as an 
ethylene/ C3-C20 alpha, beta-ethylenically unsaturated 
alkene copolymer. 

15 

7. The method of Claim 5 wherein the olefinic 
polymer is a low density polyethylene. 

8. The method of Claim 1 wherein the diluent 
polymer is an olefinic polymer. 

9. The method of Claim 8 wherein the diluent 
polymer is a high density polyethylene. 

25 10. The method of Claim 5 wherein the linear 

polyethylene is an ethylene/1-octene copolymer 
characterized as having a density between 0.88 
grams/cubic centimeter and 0.96 grams/cubic centimeter 
and a melt index between 0.1 grams/10 minutes and 50 
grams /10 minutes. 



20 



30 



11. The method of. Claim 10 wherein the diluent 
polymer is a high density polyethylene characterized as 
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having a density between 0.95 grams/cubic centimeter and 
0.97 grams/cubic centimeter and a melt index between 
0.01 grams/10 minutes and 3000 grams/10 minutes. 

12. The cooled polymer blend obtainable by the 
method of Claims 1, 2, 3, 5, 6, 7, 8, 9, 10 or 11. 

13. A method of extruding a thermoplastic 
polymer into blown film, wherein the thermplastic 
polymer is characterized as a polymer blend of a linear 

10 low density polyethylene and at least *one diluent 
polymer having a melting point within 10°C of, and a 
density greater than or equal to, that of the linear low 
density polyethylene, thereby increasing throughput of 
the polymer blend over that of the linear low density 

1C 

J polyethylene alone. 

14. The method of Claim 13 wherein the polymer 
blend has an onset of crystallization temperature higher 

2Q than the onset of crystallization temperature of the 
linear low density polyethylene alone. 

15. The blown film formed by the method of 
Claim 13. 

25 
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